1. Introduction {#sec0005}
===============

Cardiac fibroblasts are abundant in heart tissue and are involved not only in extracellular matrix homeostasis and repair, but also in cardiac remodeling after myocardial infarction that, in turn, can lead to loss of cardiac function and heart failure [@bib0005]. Activated cardiac fibroblasts have been implicated in cardiac dysfunction, as mediators of the inflammatory response after myocardial infarction [@bib0010]. Activated fibroblasts have also been described as inflammatory supporter cells that can induce heart failure [@bib0015]. Mechanical coupling of electrical conduction between fibroblasts and cardiomyocytes was shown to be important for cellular communication and cardiac function [@bib0020]. Cardiac fibroblasts can communicate by intercellular Ca^2+^ signaling through gap junction channel proteins [@bib0025]. Connexin 43 (Cx43) is the most abundant gap junction protein in the myocardium [@bib0030]. Ca^2+^ signaling, evoked by ATP, histamine, 5-hydroxytryptamine (5-HT) or glutamate, involves Ca^2+^ release from the endoplasmatic reticulum [@bib0035]. Our previous results shows that intracellular calcium are released from endoplasmic reticulum \[[@bib0040], [@bib0045]\]. Modulation of intracellular Ca^2+^ is an important parameter because it can influence many cellular functions, including extracellular matrix synthesis and degradation [@bib0050]. Increased cytosolic Ca^2+^ levels can lead to release of signaling molecules, including transmitters, cytokines, prostaglandins, proteins and peptides [@bib0055]. Cytosolic Ca^2+^ is a key second messenger and the control of Ca^2+^ signaling is, therefore, critical. Elevated Ca^2+^ levels occur in cellular networks during inflammation, depending on the production and release of ATP through hemi-channel openings in the plasma membrane. This extracellular Ca^2+^ signaling attenuates intercellular Ca^2+^ signaling, decreasing communication via gap junctions [@bib0060].

The Na^+^-Ca^2+^ exchanger, a Ca^2+^ transporter controlling intracellular Ca^2+^ concentrations, is driven by the Na^+^ electrochemical gradient across the plasma membrane. Thus, the Na^+^ pump, Na^+^/K^+^-ATPase, can indirectly modulate Ca^2+^ signaling [@bib0065] and inflammatory stimuli can influence Ca^2+^ homeostasis in cellular networks \[[@bib0070], [@bib0075], [@bib0080], [@bib0085]\]. Na^+^/K^+^-ATPase is downregulated by inflammatory stimuli [@bib0090]. Endogenous glutamate is released by cells, promotes signaling via glutamate receptors and has important functions under both normal and pathological conditions. Extracellular glutamate concentrations at excitatory synapses are regulated by sodium dependent excitatory amino acid transporters (EAATs), including the glutamate/aspartate transporter (GLAST) and glutamate transporter-1 (GLT-1) [@bib0095]. A fine-tuned regulation of clearance and maintenance of extracellular glutamate is important for normal metabolism in neurons and impairments of this regulation can lead to excitotoxicity [@bib0095]. Increased glutamate concentrations were also reported in synovial fluid from patients with active arthropathies [@bib0100] and in serum from patients with fibromyalgia [@bib0105]. Cytoskeletal reorganization is pivotal in many cellular processes, especially during inflammation. Dynamic remodeling of the actin cytoskeleton is essential for migration and proliferation of cells [@bib0110]. Lipopolysaccharide (LPS) exposure can be used experimentally to generate an inflammatory response, both *in vitro* and *in vivo*.

The purpose of our study was to examine effects of inflammatory stimuli on human cardiac fibroblasts, including on intracellular Ca2+ release and Cx43 levels. We also investigated proinflammatory cytokine profiles and glutamate release in these activated fibroblasts.

2. Material and methods {#sec0010}
=======================

2.1. Cell culture {#sec0015}
-----------------

Human primary cardiac fibroblasts from heart ventricle were from PromoCell GmbH (C-29910, Heidelberg, Germany) and cultured in PromoCell fibroblast growth medium. Cells were seeded at a density of 5000 cells/cm^2^ and cultured according to the manufacturer\'s instructions for 10 days until they reached confluency. Cells were stained with anti-discoidin domain receptor 2 (DDR2) antibody (ab63337, Abcam, Cambridge, UK), with antibody against α-smooth muscle actin (α-SMA) (C6198, Sigma-Aldrich, St Louis, MO), phalloidin, a high-affinity F-actin probe (Sigma-Aldrich) and 4′,6-diamidine-2′-phenylindole dihydrochloride (DAPI) (Hoescht33258, Sigma-Aldrich). Antibody staining was examined with a Zeiss Axioplan 2 Imaging microscope and cells expressed the fibroblast marker discoidin domain receptor 2 and stained with phalloidin, an F-actin marker ([Fig. 1](#fig0005){ref-type="fig"}). To mimic effects of inflammation, cells were incubated with LPS 10 ng/ml, this concentration was selected according to our earlier results [@bib0090], and control cells incubated without LPS, for 24 h. Medium was then collected and cells were harvested. These samples were immediately frozen at −80° and stored at that temperature until analysis.Fig. 1Immunocytochemical staining of human cardiac fibroblasts. A) Cells cultured for 10 d and then stained with Discoidin Domain Receptor 2 (DDR2) antibody (green) and counterstained with Alexa™488-conjugated (red) phalloidin probe. B) Isotype control, cells stained with isotype control antibody for DDR2 (green) and phalloidin probe (red). The nuclei, visualized with DAPI (blue).Fig. 1

2.2. Analysis of gene expression {#sec0020}
--------------------------------

Expression of human CD14 mRNA was determined using quantitative real-time PCR.Total RNA was extracted from cultured human cardiac fibroblasts using RNeasy Kit (Qiagen). The reverse transcription reactions were performed with a cDNA reverse transcription kit (\#4368814, Applied Biosystems) using a PCR system (Gene Amp 9700, Applied Biosystems). Real-time PCR amplification was set up using TaqMan gene expression assays for human CD14 (Hs02621496_s1), human HPRT1 (Hs99999909_m1) in combination with Universal PCR master mix (\#4324018, Applied Biosystems) and performed for 40 cycles on an ABI Prism 7900HT sequence detection system (Applied Biosystems). We analyzed PCR data using the comparative CT method [@bib0115]. The relative quantification of target gene mRNA expression levels were normalized to HPRT1 mRNA expression.

2.3. Cytokine analyses {#sec0025}
----------------------

Levels of cytokines were measured in cell culture medium using a multiplex electrochemiluminescence immunoassay (ELISA) (Meso Scale Discovery (MSD), Rockville, MD, USA). The human V-PLEX Proinflammatory Panel 1, including interferon-γ (IFN-γ), interleukin (IL)-1β, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-13 and tumor necrosis factor- α (TNF-α) was used for these assays, following the manufacturer's recommendations. Results were read on a QuickPlex SQ120 plate reader (Meso Scale Discovery). The cytokine concentration in fibroblast culture medium of the control cells was set to 100% for each experiment.

2.4. Ca^2+^ assay {#sec0030}
-----------------

FLIPR Calcium 6 Assay Kit (\#R8194 Molecular Devices, LLC, Sunnyvale, CA, USA) was used to detect changes in intracellular Ca^2+^. Human cardiac fibroblasts were incubated for 1 h at 37° C with the Ca^2+^ sensitive fluorescent indicator dye, FLIPR Calcium 6, 100 μl dye was added to 100 μl media in 96-well black cell culture plates. All measurements were performed for 120 sec on the FlexStation 3 Multi-Mode Microplate Reader with integrated fluid transfer (Molecular Devices). Human cardiac fibroblasts were incubated with the Ca^2+^ sensitive fluorescent indicator dye, FLIPR Calcium 6. Where indicated, 5-HT (10^−5^ M), ATP (10^−4^ M) or glutamate (10^−4^ M) (Sigma-Aldrich) were added at the beginning of the experiment in the concentrations that we described previously to give optimal Ca^2+^ release \[[@bib0045], [@bib0090], [@bib0120], [@bib0125]\]. The total area under the curve (AUC), reflecting the amount of Ca^2+^ released, was determined to measure the strength of the Ca^2+^ responses. The amplitude was expressed as the maximum peak value.

Dose response experiments in cultured cardiac fibroblasts were performed for ATP in the concentration range 10^−6^ to 10^−3^ M. The results showed that ATP evoked Ca^2+^ responses in fibroblasts for all concentrations used, ATP 10^−4^ M was selected for further experiments ([Table 1](#tbl0005){ref-type="table"}).Table 1Intracellular Ca^2+^ changes in ATP activated human cardiac fibroblasts.Table 1ATP concentration (M)10^−6^10^−5^10^−4^10^−3^**Mean (AUC)**152,6854,133204466**Std. Deviation**57,82187,1418,51693**Std. Error of Mean**33,38108241,6977,4**Lower 95% CI of mean**8,959389,42281260,9**Upper 95% CI of mean**296,2131943608672[^1]

2.5. Analysis of protein expression {#sec0035}
-----------------------------------

Western blot analyses were performed according to standard protocols. Briefly, protein extracts were prepared by cell lysis in RIPA buffer (Sigma-Aldrich) supplemented with a mammalian protease inhibitor cocktail (Sigma-Aldrich). Protein concentrations were determined using the Pierce BCA protein assay kit (Life Technologies Carlsbad, CA, USA), according to the manufacturer's instructions. Equal amounts of extracts (5 μg protein each) were resolved on 4--12% Bis-Tris precast gels (Life Technologies) and bands transferred onto nitrocellulose membranes (GE Healthcare, Uppsala, Sweden). Equal loading and transfer of proteins was confirmed by Ponceau staining (0.1% in acetic acid, Sigma-Aldrich). The membranes were probed with the following primary antibodies: polyclonal rabbit anti-TLR-4 (M-300) (sc-30002, Santa Cruz, Biotech Inc, Dallas, TX, USA), polyclonal rabbit anti-GLT-1 (pab0037, Covalab, Villeurbanne, France), polyclonal rabbit anti-GLAST (pab0036-P, Covalab), polyclonal rabbit anti-Cx43 (71--0700, Life Technologies), monoclonal mouse anti-Na^+^/K^+^-ATPase (A276, Sigma-Aldrich), and mouse monoclonal anti-β-actin (A5441, Sigma-Aldrich). The membranes were then probed with horseradish peroxidase conjugated secondary antibodies (JacksonImmuno Research Europe Ltd, Suffolk, UK). Protein bands were detected using Immobilon Western Chemiluminescent HRP substrate (Millipore Corp., Billerica, MA, USA) and a ChemiDoc XRS+ instrument (Bio-Rad, Hercules, CA, USA). The relative intensities of protein bands, in the linear exposure range, were quantified using ImageLab software (Bio-Rad). The intensity of the control protein band was set to 100% for each experiment.

2.6. Glutamate levels in medium {#sec0040}
-------------------------------

The concentration of glutamate (μmol/l) was measured in the culture medium using the ninhydrin reagent for photometric determination. Duplicate samples from culture medium, from stimulated and unstimulated cells, were analyzed and normalized for protein concentrations. The assay detection limit for glutamate was 5 μmol/l [@bib0130].

2.7. Statistics {#sec0045}
---------------

Data were presented as means and SEM, unless stated otherwise. Levels of significance for differences between group means were determined with Student\'s t-test. GraphPad Prism version 6 (GraphPad Software, San Diego, CA, USA, [www.graphpad.com](http://www.graphpad.com){#intr0005}) was used for all statistical calculations. *P* values \< 0.05 (two-sided) were considered statistically significant.

3. Results {#sec0050}
==========

3.1. Characterization of human cardiac fibroblasts {#sec0055}
--------------------------------------------------

Human cardiac fibroblasts were cultured for 10 d then stained with an antibody against discoidin domain receptor 2 (DDR2) and the Alexa™488-conjugated phalloidin probe. Almost all cells expressed the fibroblast marker DDR2 and F-actin filaments ([Fig. 1](#fig0005){ref-type="fig"}A). No staining was observed in cells stained with isotype control antibody for DDR2 ([Fig. 1](#fig0005){ref-type="fig"}B).

Both unstimulated cells and those stimulated with LPS for 24 h were F-actin positive and demonstrated α-smooth muscle actin (α-SMA) staining in a small number of cells ([Fig. 2](#fig0010){ref-type="fig"}). Unstimulated cells stained with Alexa™488-conjugated phalloidin probe had F-actin organized into stress fibers ([Fig. 2](#fig0010){ref-type="fig"}A and B). After incubation with LPS for 24 h, the actin filaments were organized more diffusely ([Fig. 2](#fig0010){ref-type="fig"}C and D). Staining with the myofibroblast marker α-SMA was unchanged after LPS stimulation ([Fig. 2](#fig0010){ref-type="fig"}C and D).Fig. 2Staining of actin filaments in inflammatory activated human cardiac fibroblasts. A and B) Unstimulated cultured human cardiac fibroblasts without LPS; C and D) cells stimulated with LPS (10 ng/ml) for 24 h; were stained with Alexa™488-conjugated (red) phalloidin probe; and B and D stained with antibody against α-SMA (green). The nuclei, visualized with DAPI staining (blue).Fig. 2

3.2. Increased expression of CD14 in LPS activated human cardiac fibroblasts {#sec0060}
----------------------------------------------------------------------------

To study whether LPS affects the LPS receptor CD14 in cardiac fibroblasts or not, we cultured human cardiac fibroblasts with and without LPS for 24 h. LPS activation resulted in 1.5-fold increase of CD14mRNA expression ([Fig. 3](#fig0015){ref-type="fig"}).Fig. 3Increased expression of CD14 in inflammatory activated human cardiac fibroblasts. CD14 mRNA expression (relative to the control HPRT1) in unstimulated (control) and LPS stimulated human cardiac fibroblasts analyzed by real-time PCR amplification (n = 3), paired Student's t-test was used to compare unstimulated and LPS stimulated cells, \*\**P* \< 0.01.Fig. 3

3.3. Increased cytokine levels released by human primary cardiac fibroblasts cultured under inflammatory conditions {#sec0065}
-------------------------------------------------------------------------------------------------------------------

To investigate whether the upregulated CD14 mRNA expression was paralleled by increased cytokine production, we analyzed the effect of LPS on cytokine concentrations in cell culture medium from human cardiac fibroblasts. Levels of IFN-γ, IL-1β, IL-2, IL-6, IL-8, and TNF-α cytokines were increased in fibroblasts after LPS incubation, compared with in cells incubated under normal conditions ([Fig. 4](#fig0020){ref-type="fig"}). No significant changes in IL-4, IL-10, IL-12p70 or IL-13 levels were observed ([Fig. 4](#fig0020){ref-type="fig"}).Fig. 4Inflammatory activation increased cytokine production in human cardiac fibroblasts. Concentrations of cytokines were measured with ELISA in culture supernatants of unstimulated and LPS stimulated human cardiac fibroblasts, compared with total amounts of cellular protein. There were significantly higher levels of the following: A) IFN-γ, B) IL-1β, C) IL-2, E) IL-6, F) IL-8, and J) TNF-α in medium from LPS stimulated cells, compared with that from unstimulated control cells. No significant changes were observed for: D) IL--4 G) IL-10, H) IL-12 p70 or I) IL-13. For statistical analysis, a paired Student's t-test was used to compare unstimulated and LPS stimulated cells (n = 3), \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001.Fig. 4

3.4. Intracellular Ca^2+^ changes in activated human cardiac fibroblasts {#sec0070}
------------------------------------------------------------------------

Human cardiac fibroblasts cultured for 10 d and then treated with and without LPS for 24 h, were analysed in Ca^2+^ release experiments. Area under the Ca^2+^ curve (AUC) and peak values were calculated to quantify the intracellular Ca^2+^ concentration ([Fig. 5](#fig0025){ref-type="fig"}). Glutamate induced increased Ca^2+^ signaling in cardiac fibroblasts and this was significantly higher in cells stimulated with LPS than in unstimulated controls ([Fig. 5](#fig0025){ref-type="fig"}A). Stimulation with 5-HT led to significantly decreased peak values in Ca^2+^ signaling in cardiac fibroblasts stimulated with LPS, compared with in unstimulated controls ([Fig. 5](#fig0025){ref-type="fig"}B). No significant changes were observed after ATP stimulation ([Fig. 5](#fig0025){ref-type="fig"}C).Fig. 5Time-dependent changes in intracellular Ca^2+^. Human cardiac fibroblasts were stimulated, in a fluorescence-based assay for detecting changes in intracellular Ca^2+^ over time, with the following: A) glutamate (10^−4^ M), B) 5-HT (10^−5^ M) or C) ATP (10^−4^ M). AUC and peak values of Ca^2+^ transients are shown. The cells were obtained from 4 experiments. A) Ca^2+^ responses to glutamate and B) 5-HT in cardiac fibroblasts, when stimulated with LPS (10 ng/ml) for 24 h; unstimulated cells were used as controls. Results from a typical experiment are shown and the AUC, reflecting the amount of Ca^2+^ released, was analyzed to measure strength of each Ca^2+^ response. The amplitude is expressed as the maximum peak value. For statistical analysis, a paired Student's t-test was used to compare unstimulated and LPS stimulated cells (n = 4), \**P* \< 0.05, \*\**P* \< 0.01.Fig. 5

3.5. Effects of LPS treatment on Cx43, GLAST, GLT-1, Na^+^/K^+^-ATPase and TLR4 expression in human cardiac fibroblasts {#sec0075}
-----------------------------------------------------------------------------------------------------------------------

To investigate whether inflammatory activation affected expression of certain relevant proteins in cardiac fibroblasts, we incubated the cells with and without LPS for 24 h. The blots are each representative of four different experiments. Immunoblotting pictures and the mean intensities and standard deviations for four experiments are shown in [Fig. 6](#fig0030){ref-type="fig"}A--F. By immunoblotting, there were decreased levels of Cx43 protein and increased levels of TLR4 in human cardiac fibroblasts incubated with LPS, compared with in control cells ([Fig. 6](#fig0030){ref-type="fig"}B and C). No significant differences were found between inflammatory activated cardiac fibroblasts and controls in protein expression of glutamate transporters, GLAST and GLT-1 and Na^+^/K^+^-ATPase ([Fig. 6](#fig0030){ref-type="fig"}C--E).Fig. 6Decreased Cx43 and increased TLR4 expression in LPS stimulated human cardiac fibroblasts. Human cardiac fibroblasts were treated with LPS (10 ng/ml) for 24 h and unstimulated cells were used as controls. The cells were analyzed by western blotting with antibodies against Cx43, GLAST-1, GLT-1, Na^+^/K^+^ ATPase, TLR4 and β-actin. A) Immunoblotting pictures Relative intensities of protein bands were quantitated for. B) Cx43, C) GLAST-1, D) GLT-1, E) Na^+^/K^+^ ATPase and F) TLR4. Data are representative of four experiments and the intensities of control protein bands were set to 100%. Data are means ± SEM (*n* = 4). Student's t-test, \**P* \< 0.05, \*\*\**P* \< 0.001.Fig. 6

3.6. Glutamate release {#sec0080}
----------------------

Glutamate exocytosis is dependent on Ca^2+^ signaling and glutamate can promote Ca^2+^ overload. Therefore, we investigated whether inflammatory activation would affect glutamate secretion in human cardiac fibroblasts. We observed that, in medium from LPS-stimulated cells, glutamate concentrations were higher than in that from unstimulated cells ([Fig. 7](#fig0035){ref-type="fig"}).Fig. 7Increased glutamate release in LPS stimulated human cardiac fibroblasts.Human cardiac fibroblasts were treated with LPS (10 ng/ml) for 24 h, and unstimulated cells were used as controls. The concentration of glutamate (μmol/l) was measured in the culture medium using the ninhydrin reagent for photometric determination. Duplicate samples from culture medium were analyzed and correlated to the protein concentrations. Data are means ± SEM (n = 4). Student's t-test, \**P* \< 0.05.Fig. 7

4. Discussion {#sec0085}
=============

Inflammation, both local and systemic, has been implicated in pathogenesis of several cardiovascular diseases \[[@bib0135], [@bib0140]\]. Resident cells in the myocardium (endothelial cells, fibroblasts and dendritic cells) and leukocytes all contribute to the acute inflammatory response. IL-1 is regarded as the major proinflammatory mediator and its levels correlated with progression of atherosclerotic plaques [@bib0140]. Our data suggested that inflammatory activation substantially affected cardiac fibroblasts, we observed that LPS increased the LPS receptor CD14 mRNA expression in human primary cardiac fibroblasts indicating that fibroblasts may be important contributors to inflammation-mediated cytokine production. Binding of LPS to CD14 triggers inflammation and activates the transcription factor nuclear factor kappa B and the toll-like receptor pathway, initiating the release of proinflammatory cytokines, a characteristic of cardiovascular diseases \[[@bib0145], [@bib0150], [@bib0155]\]. In agreement with our results, *in vitro* experiments showed that inflammasome activation, stimulated by ischemia, led to IL-1β production in cardiac fibroblasts. This resulted in inflammatory cell infiltration and cytokine expression in the heart after myocardial ischemic injury [@bib0160].

An intact cytoskeleton controlling the plasma membrane and the endoplasmatic reticulum complex is important with regard to calcium transients, and is required for the propagation of astrocytic Ca^2+^ waves [@bib0090]. We found a more diffuse organization of actin filaments in cardiac fibroblasts after incubation with LPS. We have observed similar patterns previously and disruption of actin filaments changes the balance between Ca^2+^-regulating processes [@bib0090]. In this study we demonstrated that inflammatory activated human cardiac fibroblasts had altered Ca^2+^ signaling, increased TLR4 and decreased Cx43 expression, compared with the unstimulated cells. We also detected increased levels of secreted cytokines in cardiac fibroblasts stimulated by LPS. Importantly, data indicate that fibroblasts play a significant role in cardiac inflammation and they represent an abundant cell type in the myocardium \[[@bib0015], [@bib0165]\]. In our study, human cardiac fibroblasts expressed the major gap junction protein Cx43 and its levels were decreased with LPS stimulation, suggesting a link between cardiac fibroblasts and inflammation. Decreased Cx43 protein levels were associated with ventricular arrhythmias and Cx43 depletion may directly affect electrical transmission between cardiac cells [@bib0170]. Disturbed myocardial Ca^2+^ homeostasis was observed in cases of severe heart failure [@bib0175]. During inflammation and in cells induced with inflammatory agents, Ca^2+^ signaling in network-coupled cells may be disturbed. Our data show intracellular Ca^2+^ release from cardiac fibroblasts, in comparison similar results are shown for astrocytes and are important for network-coupled cells \[[@bib0040], [@bib0045]\].

Increased release of several inflammatory cytokines, including IL-1β, can result in gap junction inhibition [@bib0180]. The inflammatory inducer LPS, incubated with fibroblasts for 24 h, increased Ca^2+^ signaling evoked by glutamate or 5-HT. In contrast, previous studies showed that 5-HT [@bib0185] and proinflammatory signaling via the leukotriene pathway increased cytoplasmic Ca^2+^ in cardiac fibroblasts [@bib0190]. Intracellular Ca^2+^ flux is a critical modulator of many cellular functions, including extracellular matrix synthesis and degradation, potentially explaining such discrepancies in results among studies [@bib0195]. However, it should be noted that our results of transient intracellular Ca^2+^ increase does not necessarily induce long-lasting structural changes.

Increased cytosolic Ca^2+^ levels can induce exocytosis of cytokines, prostaglandins and transmitters [@bib0055]. Na^+^/K^+^-ATPase, which can indirectly control Ca^2+^ signaling, was downregulated in LPS treated astrocytes [@bib0200]. However, in our experiments, Na^+^/K^+^-ATPase expression was not downregulated by LPS in cardiac fibroblasts.

Inflammatory conditions can lead to activation of Ca^2+^ signaling in fibroblast networks, influencing extracellular glutamate release. Membrane-bound glutamate transporters, such as GLAST and GLT-1, are responsible for uptake and clearance of extracellular glutamate. We found that human cardiac fibroblasts expressed both GLT-1 and GLAST but levels of these proteins were not affected by LPS. It has been documented that oxidative stress can be induced by LPS or pro-inflammatory cytokines, and activation of primary microglia by LPS induced a release of glutamate that reached concentrations on the order of 10^−4^ M within 24 h [@bib0205]. Therefore we speculate that inflammatory activated human cardiac fibroblasts are an important source of high glutamate levels that may be involved in reperfusion arrhythmias associated with Ca^2+^ overload [@bib0210], and may also mediate cytotoxic effect as glutamate triggers the death of neurons [@bib0215].

Fibroblasts are assumed to regulate extracellular matrix homeostasis and myofibroblasts are important in the adverse effects associated with cardiovascular disease [@bib0220]. However, we detected only a few α-SMA positive myofibroblasts, with no apparent changes after LPS stimulation. Nonetheless, the fibroblasts secreted several proinflammatory cytokines and glutamate.

In conclusion, this study showed that, in human cardiac fibroblasts, intracellular Ca^2+^ signaling was altered and expression of the gap junction protein Cx43 was decreased by LPS stimulation. The pronounced effects of LPS on production of inflammatory markers in cardiac fibroblasts suggested that these cells are important mediating inflammatory response.
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[^1]: Area under the Ca^2+^ curve (AUC) was calculated, (n = 3).
